The enzymic fractionation of the stable carbon isotopes of C02 (AC'O) was determined using a purified preparation of ribulose-1,5-bisphosphate (RuBP) carboxylase isolated from cotton (a C3 plant) leaves. The bicarbonate concentration in the reaction mixture saturated the enzyme and furnished an infinite pool of "CO2 and "CO2 for enzyme fractionation.
enzyme isotope fractionation (Aco2) of -17%o plus the 813C value of -7%o for atmospheric CO2 gave a predicted 813C value of -24%o for plants with a Calvin cycle. This 8 .3%o (26) , -28.3%o (8) , -38.8 to -89.2%o (13) and -28.3 to -41.7%o (16) . This pure. The RuBP used to synthesize PGA in these experiments was further purified free of ribose-5-P, ribulose-5-P, and xylulose-5-P by column chromatography. The tetrasodium salt of RuBP was passed through a Dowex 50-H+ resin column. The eluate was lyophilized, the residue dissolved in H20, and the RuBP adsorbed onto a Dowex 1-Cl-resin column (1 x 30 cm). The RuBP was chromatographically separated from the other phosphate esters with a concave gradient of HCI described in the section on the chromatographic purification of PGA. The tubes containing the RuBP were collected and pooled and the HCI removed by lyophilization. The RuBP was stored 1 to 2 days at -20 C before use.
The RuBP eluted from the column was located by assaying an aliquot of the eluate for organic phosphate by the method of Bartlett (4) . The 813C value of the RuBP before and after column chromatography was -14.8%o and -14.2%o, respectively. There was a +0.6%o fractionation of the RuBP accompanying the purification. This would result in an error of +2.4%o in the determination of the Aco2 for RuBP carboxylase.
Enzymic Synthesis of PGA. PGA was enzymically synthesized in five separate experiments followed by chromatographic purification of the PGA and determination of the '3C/'2C content. Each of the five experiments consisted of 50 individual reaction mixtures containing: 100 mm Tris-HCl (pH 7.5), 10 mM MgCl2, 2.5 mm GSH, 50 mm KHCO3, and 37 to 107 ug of purified RuBP carboxylase to a final volume of 0.5 ml. Each reaction mixture was preincubated for 10 min at 35 C and 1 mm RuBP was added followed by an additional 10-min incubation at 35 C. The reaction was stopped with concentrated HCI. The specific activity of the purified cotton RuBP carboxylase used in the experiments varied between 582 to 1571 nmol PGA formed/mg protein-min. For each of the five experiments, 50 reaction tubes were run and following the addition of HCI these were pooled and the reaction mixtures lyophilized.
Chromatographic Purification of PGA. The above lyophilized powders were dissolved in a few ml of H20 and passed through a column (2.3 x 15 cm) of Dowex 50-H+ resin. The eluate was lyophilized and adsorbed onto a column (I x 30 cm) of Dowex ICl-resin. PGA was separated from other phosphate esters in the reaction mixture by developing the column with a concave gradient created by putting 250 ml of 0.02 N HCI in a first and second reservoir and 250 ml of 0.20 N HCI in a third reservoir. The chromatographic separation of PGA, P-glycolate, RuBP, and 2,3-diphosphoglyceric acid by this method is shown in Figure 2 . Authentic PGA and the other phosphate esters were located in the tubes containing the eluate by the phosphorous method of Bartlett (4) . PGA in the fraction tubes was further identified by a colorimetric assay for phosphorylated glyceric acid (3). The fraction tubes containing the synthesized PGA were pooled, lyophilized, and stored at -20 C until it was combusted to CO2. To test the amount of isotopic fractionation associated with the purification of enzymically synthesized PGA by this procedure, the S"3C values of authentic PGA were determined to be -21.1%o and -20.8%o before and after purification. This would lead to an error of +1.8%o in the determination of the Aco, for RuBP carboxylase.
There was little isotope fractionation of PGA during this procedure for the extraction and chromatographic separation of enzymically synthesized PGA.
Mass Spectrometric Analysis. PGA and RuBP were converted to CO2 by combustion at 800 to 900 C in an excess of 02 in a precombusted organic-free combustion boat. The combustion apparatus was similar to that described by Craig (9) . Water vapor was removed by isopropyl alcohol dry ice traps. Nitrogen oxides were converted to molecular nitrogen by passing the combustion products through copper turnings at 400 C. The nitrogen was pumped away, and CO2 was collected in a sample bulb at a liquid N2 temperature. Bicarbonate was converted to CO2 with the addition of 85% H3P04 after the evacuation of the atmospheric gases from the reaction vessel. Again, the CO2 was collected in a Plant Physiol. Vol. 63, 1979 sample bulb at a liquid N2 temperature. -34%o (5, 23, 24) . Two reasons for variations in the Aco2 values may be the use of impure RuBP in the reaction mixtures, and failure to purify the enzymically synthesized PGA analytically. The purity of the RuBP in the experiments of Park and Epstein (22) and Deleens et al. (13) was not given. The RuBP used in the experiments of Estep et al. (16) CO2 into a solution of base or cell sap (2, 10, 22) . This isotope effect between atmospheric CO2 and dissolved CO2 in Ba(OH)2, NaOH, and leaf cytoplasm has been measured by Baertschi (2) Craig (10) and Park and Epstein (22) . The 613C value for the dissolved CO2 in leaf cytoplasm is -9.5 to -17.5%o (22) . It is also 
